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iC" ... ■ tmm Mr W.Rfldcliffe, of Andreas School, tele 

^•^tS^" -tone***'. 
IfeJVy #. equilateral Wangles, sqwr^ P«» 



^"^^^nn^s which are to be placed upon ^ 
- ^ to right and left of this. The numbers are 

^ ^SSScments. It will thusbe seeu t^t the puzzle is of the 
^5£nS^ 

A n Metrical fe^e, where the whole of the heating tequiredis done 
L elLtricity, £ in opcrarioa at Niagaras, the power beins 
, JZ1 L catfSct The cost of making a horsc-shoe at the 

We ^ too . that corn is being tlwhed by electa^ with very 
satisfactory results, at Mjqlby in Sweden. 
From Mature 26 September 1895. 

*MWARS AGO 

On September 20, Glaxo laboratories, Ltd, Gfeenfoul, Middlesex, 
gave a demonstration of the preparation of penicillin and showed 
. the factory operarioa of feeeze^drying and other processes through 
which the finished product goes; Sir Cedl Weir, director-general of 
equipment and stores. Ministry of Supply, was present Bntwnwill 
soon have in operation the largest pemcillin production uxut in fte ^ 
world at Spckc, and one of the largest at Barnard Crfe; theater is to 
be run by Glaxo Laboratories, and will make four for which the firm is 
* responsible. As soon as it became evident in 1942 that factory 
^pmdiictioii of paddHinwas feasible, the Ministry of Supply brought 
together potential manufacturers and scientific men, and the present 
results are due to the team-work thus initiated, , , Sir Cecil also referred 
to recent references in the Press to the possibility that penicillin rnay 
becom^'infected in the course of manufacture. This danger always 
exists in fermentation processes, particularly in the early development 
of a new factory, but, as was to be seen at the Glaxo laboratories, the 
manufacturers take every precaution to maintain sterility; and there is 
no ground for any suggestion that a great deal of penicillin is unfit for 
use. 

From Nature 29 September 1 945. 
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ap0 ptosis in the CD4 * mbktely W dcked TCR induced - : 

SHrS cS^T^r%£ were- 
We ^ve found that TN ^." ^v Spheral delefib&lr. //>>. 
" h"d no cffeS on thymocyte dcatb * "riW not shown). 



TNF caused 4*^JX^Sffi 
by P 75. T" 1SS V^ tife F^s <S> domain' and uses different 
conta n homology to the d 5^ pR tbat mediatesapoptosis 
signalling pathways fronr ^SSTN^k foun d that Fas. alone 
.of noti-lymphoid cells -^.^ ^th, wh ercas TNF 

explain why Fas ^^^^St^S^mm^ 

v; deletion of ; CD&T ^occurs ^ Ocular ^pathways of 
• to determine how ™ homcostas i S in other auto- 

apoptosis mediate mature 1-cen nw* ^ 
immune and infectious diseases. 
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Facilitation of lfn-12-modiatod 
signalling by sel-12, a 
Caenorhabditis elegans S182 
Alzheimer's disease gene 

Diane > Levltan* & Iva Gtaenwaldtt 

• Dep JUnt of Molecular Biology. Princeton University. Princeton. 

?S£S?^JK- institute ^.»^53S£i 
and Mdlecuiar Biophysics, Columbte Umversj^ ^ollege of Ph^canS 
3ncJ surg eons, New York, New York 10032. USA 

The lit-12 and elp-1 ge"«* Caenorhabditis elegans arc members 
oXX?l/N£h family of receptors for intercellular jqgng 
tha ts^ify cell fate"- 1 . By screemng for suppressors of a lmA2 
gain Jtfimction mutation, we identified a new gene, wtach 
Ip^J to function in receiving cells to facilitate S «naBmg rned*- 
SSSU ^ «H The *«3 gene encodes a prote lB n£h 
multiple tra^membrane domains, and « - J^J^J-J? 
has been implicated in early-onset familial Alzheimer s disease . 
TheS oSe?of sequenc; conservation soggests that the func- 
£ 5f 8 theln2 a^ SIM proteins may rfso be conse^cd^ 

The /i«-;^C^ hypermorphic mutahon h*-l2(n950) causes a 
MultivXa Phcnotype characterized by the production of 
e «oJtapseudOvulvac Ss . W.^to^M^^ 
ants after ethyl methanesulphonatc mutageneses .of 
herrnaohrodites; two recessive suppressors, arUl and aryjj, 
pr3tobe atlda of a new gene, (*/ means suppressors 



: To wt»m correspondence sue"'"* !» eOCessed- 
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screen for mutations that fail to complement the 

hfnloid eenomes we identified two additional Je /-/2 alleles. One 
allele offiS in this screen, scl-l2(arl71), displays a com- 
o efelv pSSmnJ Egt defect as a homozygote and m trans to a 
deficLcTsuggcstirTg that sel-12(arW) strongly reduces sel-12 
SctioTThifinference is supported by the rnolecular analyses 
Scribed below, which indicated that the or 171 lesioa would 

bactoound is remMscent of the Egl phenotypc caused by reduc- 
bacKgrouna is fable 1 lefiend). However, a more general 

ing lm-12 activity (M;e Table l . media . ted ceU-fatc ded- 
involvement of sel-12 m lm-12- ana ^ i mew* 
sions becomes apparent when the P^f/^f 
and elD-l sel-12 double mutants arc analysed (Table 1). Wc 
examfL the genetic interactions of sel-12 with two hn-12 hypo- 
morphic mixtions, with 

nndVritt.ft hypomorphic ^^^"XSy 
that reducing activity reduces lm-12 or / activity. 

Th4e^te interactions are exemplified by the effects .of sel-12 
on wo //X-/2-mediatcd decisions, the anchor eel /ventral uterine 
cell (AC/VU) decision and vulval precursor cell 

(V S A^^sion involves an interaction between two 
initially equivalent cells of the somatic gonad. Zl-PPP and 
Z47aa In a given hermaphrodite. Zl.ppp and Z4.a aa .ntemct 
one ofthese cells becomes the AC and the other a W. 
When li,g ^^-SftJ^K isltfvafed. 
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FIG. 1 a, Schematic representation of the SEL- 
12 protein and molecular lesions associated with 
three set-12 alleles. Filled rectangles indicate 
nine hydrophobic regions. Based on the Kyte- 
Doolittle algorithm, they are potential mem- 
brane-spanning domains. The fifth hydrophobic 
region contains only 18 amino acids and the 
sixth hydrophobic region contains a charged 
residue: however, these features are conserved 
in S1S2, so- we infer that they are likely to be 
bona fide membrane-spanning domains. The 
ninth hydrophobic domain is not followed by a 
basic amino acid and Is not conserved in $182 
{although the carboxy terminus of $182 is rela- 
tively hydrophobic), so the Inference that it is a 
membrane-spanning domain is more tentative. 
No potential signal sequence was identified. £>, 
Predicted protein sequence of SEL-12 and its 
alignment with the predicted protein sequences 
of S182, T03796 and SPE-4. The PILEUP pro- 
gram of the SCO-Wisconsin package was used 
to create this alignment- Amino acids that are 
identical between SEL-12 and one or more of 
the other proteins are highlighted in black, and 
predicted transmembrane domains are ovef- 
Eined, The asterisk marks the conserved cysteine 
that is altered to a serine in szt-12(arl31)> S182 
is the predicted protein of a gene associated wfth 
early-onset familial Alzheimer's disease 3 , and the 
positions of the five mutations associated with 
the disease 3 are indicated (X), SEX-12 and S162 
are 48% identical over a sequence of 4$0 amino 
acids, T03796 is a predicted protein from a par- 
tial cDNA isolated from an infant brain cDNA 
library 7 *. This human cDNA clone was only par- 
tially sequenced on one strand 26 . SEL-12 and 
T03796 are 55% identical over a sequence of 
104 amino acids. S182 and T03796 are highly 
similar, end it is unclear from the available 
sequence information if they correspond to the 
same gene* SPE-4 is the predicted protein of the 
gene of C. eiegans. which Is required for 
spermatogenesis 22 , SEL-12, S1S2 and T03796 
appears to be much more closely refeted to each 
other than they ere to SPE-4. 
METHODS. We genetically mapped $el-12 to the 
left of unc-1 X: from hermaphrodites of genotype 
se!-12(arl31) 4py-3(e27yvfiC-l(e53$), 1/36 
Sel non-Dpy and 18/19 Ppy npn-$el recombi- 
nants segregated unc-t to done $et-12 f we 
used the welt-correlated genetic and physical . . 

maps in the '$ei-12 region to identify cosmid clones that potentially 
carried the $e/-X2 gene <ref- 27 and A. Coutson et ah, personal com- 
munication). We assayed pools and single cosmlds *°r tne ablltty to 
rescue the Eg! defect of $ei-12(arl31) hermaphrodites, using the plas- 
rhid pRF4 (roi~6($ul006)) as a dominant ^transformation marker . 
Ultimately, we found that pSpX4. containing a 3.5-kb Spel//Xhol sub- 
clone of C08A12 (subcloned Into KS Bluescrtpt, Stratagene), completely 
rescued set-12(arl31). When this subclone was mlcrolnjected at a con- 
centration of 10 pg mf 1 into se)-12(ar!31) animals, all 6 lines demon- 
strated rescue of the Egl phenotype. When we attempted to obtain 
transgenic lines carrying pSpX4 In a sel~12(+) background using a con- 
centration of 50 jig ml -1 , we obtained Fi transformants but no stable 
lines, perhaps indicating some toxicity of this piesmid at higher concen- 
trations. We used this genomic subclone to screen a cDNA library (kindly 
provided by Bob Barstead) and identified one class of clones of 1-5 kb 
In size. All subcloning, restriction digests, and library screening were 
done according to standard techniques. We sequenced both strands of 
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the cDNA clone after generating systematic deletions using the Erase- 
a-base system (Promega). DNA sequencing was performed on double- 
stranded templates using Sequenase (US Biochemical)- The cDNA con- 
tained both a poly(A) tail and a portion of the spliced leader sequence 
SL1 (ref. 29). suggesting It was a full-length clone. We confirmed the 5' 
end of the cDNA by reverse transcription polymerase chain reaction 
(RT-PCRf 0 . Tne sequence of this full-length cDNA can be found through 
GenBank under accession number U35660. To identify the lesions 
associated with alleles we used PCR to amplify the se/-12 gen- 

omic fragment from DNA isofated from the set-12 mutant strains usmg 
the primers DL103 (5'-T0TCTGAGTTACTAGTTTTCC-3') and DLG3 (5- 
GGAATCTGAAGCACCTGTAAGCAT-3'). A portion of this double-stranded 
amplification product was used as the template In a subsequent round 
of PCR using only the primer DL103, to generate a single-stranded 
template. Exon-speclfic primers were used to determine the enttrc 
coding sequence for all three alleles. For each allele, only one alteration 
in sequence was identified. 
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TABLE 1 



S el-12m7l) wducwfln-tZ and gp-t activity 



(B) 



Genotype 

wild-type c. etegans var. Bristol strain N2 ; 
5 eJ.X2rari71Ju n c-^e53S; 

l^ne/e^^^ - 

(b) Suppression of a hyparchic ffrM2 allele by sel^ri71J 
Genotype 

Wild-typ$ efega'ns var. Bristol strain N2 
i/n- 12ffi950); unc-l(eS38) 
5e i.l2{arl71)un^l(G53B) 

(c) Enhancement of gl^l(e2l41) by seM2(a*71> 
Genotype 

Wild-type a etegans var. Bristol strain N2 
gSp-l(02141); unc l(e53$) 
5 el-12($rl71)unc-l(Q538) 
g lp.3Xe214X);sel-12(*rl70)ufte-l(e5B8) 



2 ACS 
0 

'0<n=*l08> 
30t 

95 (n = 41) 
- 16(n = 32) 
; *98 (n = 47) 
100§ 



% Ventral 
coelornocytes 

O 

0 (0/17) 
8 (1/12) 
92(12/13) 
0 (0/32) 

• 0 (0/47) 

100§ 



Fertility 

Yes 
Yes 
yes 
NO 
Yes 
Yes 
No 



% ■ ■ 
LI arrest" 

0 

Q(/> = 233) 
9(n = 233) 
1? (n = l77) 
-0(n = 209)$- 

O(n^lll) 
1011 



Number of VPCs adopting a 
vulval fate/hermapnrodite 

3 

6(n = 7) 

3(n=10) 

2-^(n=S) 



% Sterility in both gonad arms 
O 

8.5 (n- 259) 
0 

25 (n- 422) 



% 
0 AC 

0 

100 

0(r> = 10 S) 
89.5 (n = 5 7) 



% Sterility In one gonad arm 
0 

4,0 (n = 259) 
0 



a,$ (n=422) 



g ^ — — — ' . drt f BC ta1se!-l2(&rl7l) hermaphrodites resembles 



mutants 

activity (ref. XI and 



decisions underlying the eefrlayl"* the function of anotner gene. W W *■ » ??^^OT<S^has mildly alevated J/n-X2 

l^rarirz; Is not a null allele or 9*12 * ^^^/^6n^0j behaves like a hypomorph whe ™« 5} *^^^S?erl7a; hermaphrodites from 15 

ri^irribed In ref. 4 unless otherwise indicated. At 25 ^ u ^^JZLzL 1,1 t t ~rite at 2S a C wc Shifted fertile //n-12fn676n930>. set **■' th JT C/VU decision (J. 

to 2o\ so that their progeny could bo ^J^^SSS^S^^ tra formations were "^^j'^^S^e A(i. so fflMtfO) 
Hubbard and LG., unpunished ^^^^^^SiM to 25 X. 2 AOs (ft* in g£ navG 0 AC s. The number 

were scored in the progeny of her rnaph r«>12(n950)> both Zl.ppp end Z 4 < a ^ e ^T* ^ Ventral coclomocytes: the fates 

hermaphrodites have two AGs in tfr L-^^^ fl ^rmicroHco P y, For all genotypes, hc^aphrodrt^e^r ha<J on ^ ^ qm fc0 

of anchor cells was scored in the by mutations In //n-12. In wild type, the ventral pa»r of eel* g« ^ that , /n _^oj 

of two pairs of cell*. NLdO/flpa and M.v(t/r)pa are j|ff ected if ^ ^ afi the dorsal cjir ^ '^^S^, of ventral coelornocytes 

th. dorsal P^-v^ of ^ ^ ^ ? aiot -yoDl^ Ferxthty: fe %J jty 

hermaphrodites have extra ventra c ^^npc^ * J * n ^encc of ventral coelomocytBS suggests that the sex m arrest full viability requires activity of 

was scored in the LS stage. For all genotypes. ^ *»™ f inSdetiie hermsphrodite gnd the ability tc-propag^te tho strain. ^*^™™Z e J bY J pCCinc ce n fete 
wss g cored by H» appearance of «e ithei ^^^J^^^^ ftg penetrant 11 arrest phenotype ^J^JSX^^SS g^ermaphrod- 
1^ 12 or a related gene, glp-i. //n-12fO> £^^"^ bTienotype and 3 5omewh3t lower animals rel^sed « 

transformations^. ^ ^^^^ ^SS5^wi comply e|g-l^ng defective and tad ^ »^*^^SS30, animals can grow 
ites were placed on a Plate at 25 .^^^ a ^™^ tne hermapbrodte was tran^rred sfter a ^^X% e J of Lag phenotypes 
few eggs or tarvaa before turning mto bags «wniw. ™™ egg* had hat^^ 

£ ,ow.y at 25 -C. U arrested |~^ d ^ Ug phenotype, (data ^^1^^^^?^^" 

using NomarSKi microscopy. Some arr ^J^£™ n e a C h animal (Tabic 2 and data not shown). The number of AC* ^scoreo a | « <? ^P containing gfp-lfeSl^U 

• Some Ul-arresteo animals were eaimtned for Lag pheno^ees. »ck 
observed for ail genotypes where Unarrested animals were identified. 
tSee ref. 11. 

i Iln-t2(9rl70) [not unc-1). 
5 rln-12(nl37n?20;.- see ref. 4. 
II nn-l2(nS41); see ref. 23- 



fthe -0 AC defect')*' 10 . Two observations indicate that sel-12 

atically enhances the penetrance of the 2 AC : defect of hn-12 
hypomorphs (Table la). For example, 30% of Im-JZ (n676n9 30) 
heLaphrodites have 2 AC", whei ^ s ™t.ally * llta- 
I2(n676n930); S el-12(arl71) have 2 ACs. Second se J-I2 parjy 
suppresses the 0 AC defect caused by LlN-12 «f vwon (Table 
1A). For example, all //rt-^fnPW hermaphrodites lack an AC, 
wherel 10% of lln-12(n950): se l-12(arl71) hermaphrodites 

^Elcho^he six VPCs, P3.p-P8.p, has the potential to adopt 
one of two vulval fates, termed primary (1 ) and secondary u ) 



oranon-vulval fate, termed tertiary (3=) (refs 12. l 3 >^ormaIIy. 
PS n P6 P and P7.p adopt vulval fates, m a 2 -1 -2 pattern 
Spauem is the outcome of the integration of two > s.Bnalling 
;tmT.K- a tet-60 Ras^mediated inductive signal from the AL 
Xces vulval Stes and a //^-mediated lateral Slg nal between 
VPCs Drevcnts adjacent VPCs from adopting the 1 fate 
Sm! "ef. 15). The M0 ^f^^T^" 
may cause expression or ^^^^^'y'fSSi'-i' 
which activates LIN-1 2 to cause a VPC to adopt tne z rate . 

SKSSiS.^: a., VPCs adopt the 
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TABLE 2 $el-X2(arl71) plays a role In the receiving cells 



Genotype P3 -P 

Iifl-12(n950) IP 

Jin-12(n950); set-12(arl71) O/S 
ltn-12(n950) * 
iin-12(n950); $el-12(arl71) X 



P4.p 

7/7 
1/8 
11/11 
3/10 



Expression of 2° fate/total 

ps.p pe.p 

7/7 7/7 
4/8* S/S 
X x 



VPCs adopting a 
P7.p P8-P 2" fate/hermaphrodite (%) 

7/7 7/7 100 

6/8 2/8T 52 

X X 100 

XX 30 



Animals werta main tainecl at 20 Early hermaphrodites (as judged by the size of the gonad) were chosen for laser ablation studies The 
determined at this time; the VPCs become determined many hours fetor, in the L3 stage » P3 p and P5.p-P8.p 
weS k led with a rnlcrobe^; the success of this operation was verified 2-3 h later. The following day. the 

fhr noS mlcroscoDV so that the cell lineage Of P4.p could be observed directly. In both operated and unoperated an.rnals, vulval fates were 

W Tlnd!Stet cell kilted by a laser microbeam. Numbers in each column correspond to the proportion of times a given VPC was observed to ado* 
the 2" iKrtorte S in^f 19). All VPCs that did not undergo 2" fates underwent 3° or norwuival fates, with three except.ons: in 1/S anim* 3 
examined, „P5,p underwent -a hybrid (273°) lineage; T, in 2/S animals examined, PS.p underwent a hybrid {273°) lineage. 



2 a fate in Un*12(n950) hermaphrodites, but only half of the 
VPCs adopt the 2 C fate in lin~12(n950); sd-12(arl71) herm- 
aphrodites (Tables lib and 2). Second, sel-12 reduces lateral sig- 
nalling that occurs upon activation of let~60 Ras. Wc analysed 
VPC lineages (data not shown) in tet-6Q(nW46) hermaphro- 
dites, in which Ras has been activated by a 'codon 13 
mutation* 0 * 21 , and in let-60(nlQ46); seU12(ar!71) hermaphrod- 
ites. Lateral signalling appears to occur normally in let- 
60 (ri 1046 ) hermaphrodites, as adjacent VPCs do not adopt the 
r fate (0 of 20 pairs of induced VPCs)- In contrast, adjacent 
VPCs sometimes adopt the 1° fate in let-60(nl046J; sel- 
J2(arl71) hermaphrodites (4 of IS pairs), implying that reduc- 
ing the activity of sel-12 reduces lateral signalling. Finally, some 
VPCs adopt the 2° fate in Iin-12(n676n930) hermaphrodites 11 . 
In contrast, VPCs do not adopt the 2° fate in Iin~12(n67$n930); 
sel-12(ar!71) double mutants (data not shown), although we 
have not tested whether this effect is due to the presence of a 
second AC. 

The genetic interactions of sel-12 with lin-12 imply a function 
for sel-12 in signalling and/or receiving cells during lateral speci- 
fication. We have tested whether sel-12 functions in the receiving 
end of lin-12-mcdiated cell-cell interactions by performing cell 
ablation experiments (Table 2). We reasoned that, if all VPCs 
but one were ablated with a laser microbeam, the fate of the 
isolated VPC would reflect its intrinsic level of lin-12 activity in 
the absence of lateral signal. Thus, in lin-12(n95Q) hermaphro- 
dites, an isolated VPC adopts the 2* fate (Table 2)> suggesting 
that it has a high level of ligand-independent activation of LIN- 
12 in the VPCs 10 , If sel-12 were to function in one VPC to lower 
lin-12 activity in another, then in Im-12(n950);sel-12(ar271) her- 
maphrodites an isolated VPC should also adopt the 2° fate. 
However, if sel-12 were to function within a VPC to lower its 
lin-12 activity, then in Hn-12(n950);sel-12(arl71) hermaphro- 
dites an isolated VPC should instead adopt the 3° fate. We 
observed that in Un-12(n950); seU12(ar!71) hermaphrodites, an 
isolated P4,p often adopts the 3° fate (Table 2), implying that 
sel-12 functions within a VPC to lower lin-12 activity. 

We cloned sel-12 by transformation rescue (Fig* 1 legend), 
and determined the nucleotide sequence of a full-length cDNA . . 
(Genbank accession number U35660). The predictedy^gW^.; 
protein contains multiple potential transmembrane domai^v :: 
(Fig. 1 ), consistent with its SEL- 1 2 function as a receptofviligaid; ... 
channel or membrane structural protein. The SE^12_pr^^ ; -jsJ^ 
cvolutionarily conserved. Database searches revealed*\i^hjgh ■ 
degree of similarity to a sequence of a partial complementary 
DNA from human brain present on clone T03796, and a low 
degree of similarity to SPE-4, a protein required for C. elegans 
spermatogenesis^ In addition, SEL-12 is highly similar to SI 82, 
which, when mutant, has been implicated in familial early-onset j 
Alzheimer's disease 3 . The predicted protein sequences of SEL- 
12, T03796, SPE-4 and SI 82 are aligned in Fig. 1. 
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Matty different cell fate decisions arc specified by lin-12 /Notch 
genes in C. elegans and Drosophilat and in both organisms some 
of these decisions are critical for neurogenesis, The genetic ana- 
lysis described here indicates that sel-12 facilitates 1 lin-12- 
mediated reception of intercellular signals. SEL-12 mighx be 
directly involved in /to-/2-mediated reception, functioning fcr 
example as a co-receptor or as a downstream effector that is 
activated upon UN- 12 activation. Alternatively, sel-12 may be 
involved in a more general cellular process such as receptor 
localization or recycling and hence influence lin-12 activity indi- 
rectly. Although the remarkable conservation of SEL-12 and 
SI 82 docs not provide any immediate indication of the function 
of SI 82 in the Alzheimer's disease process, it is striking that 4 
of the 5 mutations found in affected individuals alter amino acids 
that are identical in SEL-12 and S1S2 (see Fig. i). The powerful 
tools of classical and molecular genetic studies in C. elegans, 
including the ability to identify extragenic suppressors [and to 
generate transgenic lines containing engineered genes, can now 
be brought to bear on fundamental issues of SEL-1 2/S 1 82 struc- 
ture and function. ' □ 
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